Initiation factor FII (F,, factor B) has been purified from Escherichia coli Q13 to apparent homogeneity. It is a heat-stable basic protein, consisting of a single polypeptide chain of molecular weight 21,000. FII is required, in addition to the other factors F1 and FIII, for the formation of a 70S complex containing fMet-tRNA, poly(U,G) (used as a model messenger RNA), and the ribosome. FII also is capable of dissociating 70S ribosomes to 30S and 50S subunits. Evidence is presented that both activities are mediated by the same protein.
The initiation of protein synthesis in Escherichia coli proceeds with the binding of mRNA and fMet-tRNA to the 30S ribosomal subunit, with subsequent addition of the 50S subunit to form the 70S initiation complex (1) . The overall reaction requires several protein factors that are loosely associated with ribosomes, from which they can be dissociated by high salt treatment. We have previously reported the separation of three such initiation factors, which we have designated FI, FIL, and FIII in order of their elution from DEAE-cellulose (2) (3) (4) . They appear to correspond to the factors Fl, F3, and F2 isolated in Ochoa's laboratory (5) and to factors A, B, and C described by Revel and coworkers (6) .
Reports from other laboratories have assigned various roles to the factor corresponding to FIL (F3, factor B) including (a) specific recognition of natural, as opposed to synthetic mRNA (5-7) and (b) binding of mRNA to ribosomes in the absence of the factor corresponding to FIII (F2, factor C) (5, 8) . Several groups have also described a 'dissociation factor' (DF) in E. coli extracts which promotes dissociation of 70S ribosomes into subunits (9) (10) (11) (12) (13) . The ribosome dissociation activity was reported to cofractionate with the initiation factors but the question of possible identity of DF with a specific initiation factor has not been completely resolved. Subramanian et al. (10) found that DF eluted from DEAE-cellulose in the region corresponding to FIL (F3, factor B). A more highly purified preparation of this factor also possessed DF activity, whereas factor preparations corresponding to FI and FIII did not. The possibility that separate proteins in the FIL preparation might be responsible for the two activities could not be excluded. Miall et al. (12) , after purifying a ribosome dissociation activity to apparent homoAbbreviations: DF, dissociation factor; SDS, sodium dodecyl sulfate; GMP-PCP, guanylyl( ,-y-methylene)diphosphonate. * The ribosomal pellets were resuspended in extraction buffer, treated with pancreatic DNase (2.5 ug/ml, Worthington, RNase-free), and then washed twice more in 1 M NH4Cl. The washed ribosomes were then passed through a column of Sephadex G-200 (at least 20 volumes) equilibrated with 1.5 M NH4Cl in extraction buffer. The eluted ribosomes were concentrated by high-speed centrifugation and suspended in a small volume of extraction buffer containing 10-s M dithiothreitol instead of 2-mercaptoethanol. The ribosomes were stored at 00C at a concentration of approximately 1000 A260/ml, where they were stable for several weeks. After 10 min at 37°C, the reaction mixtures were diluted with 3 ml of cold reaction buffer and filtered through Millipore membranes, which were then washed with 6 ml of cold reaction buffer, dried, and counted. Alternatively, complex formation could also be measured by sucrose density gradient centrifugation analysis.
For the purification of factors, each fraction was assayed in the presence of the other two complementary factors and the Millipore technique was used. One unit of factor activity was defined as the amount that promotes the binding of 1 pmol of fMet-tRNA to ribosomes. Under the conditions described, the assay is linear with respect to FII up to a maximum of approximately 5 pmol of fMet-tRNA bound to ribosomes. Preparation of ['HJ70S-ribosomes and assay for ribosomedissociation activity Although E. coli Q13 was used for the preparation of factors and salt-washed ribosomes, this strain proved to be unsuitable for preparation of 70S ribosomes. Q13 ribosomes were found to be extensively dissociated even after incubation of log phase cells at 15°C, a treatment reported to favor accumulation of 70S particles (9) . 70S ribosomes could be obtained from E. coli MRE600 and therefore this strain was used. The method was essentially that described by Subramanian et al. (9) except that [3H]uracil (1 ,uCi/ml) was included in the growth medium to provide greater sensitivity in the assay for dissociation.
Ribosome-dissociation activity was measured in reaction mixtures (0.125 ml) containing 10 mM Tris HCl (pH 7.8), This step did not increase the specific activity, but was employed to reduce possible FL contamination since FI is eluted from a similar column at a different position (15) . The active fractions were pooled and concentrated about 2-fold by dialysis against 0.075 M Tris -HCl (pH 7.4)-0.075 M NH4Cl-20% glycerol-20% polyethylene glycol (Carbowax 6000) followed by dialysis for 5 hr against a similar buffer lacking polyethylene glycol. The final preparation was stored at 0C, where it was stable for at least six months. The purification of FIL is summarized in Table 1 . 
RESULTS

Polyacrylamide gel electrophoresis of F11
The FLI preparation obtained as described above exhibited a single protein band on gel electrophoresis; the band migrated toward the cathode at pH 4.5 (Fig. 1A) . No 
SDS-polyacrylamide gel electrophoresis of F11
Purified FIL preparations also were analyzed by sodium dodecylsulfate (SDS)-polyacrylamide gel electrophoresis (Fig. 1B) 
Role of F11 in formation of the 70S initiation complex
The effect of FII on fMet-tRNA binding to ribosomes directed by the model messenger poly(U,G) was studied by sucrose gradient centrifugation. The results (Fig. 2) indicated that at 10 mM Mg++ fMet-tRNA binding to ribosomes promoted by poly(U,G) was almost completely dependent upon FLI. The bound fMet-tRNA sedimented at 70 S, although the ribosome preparation used initially consisted largely of dissociated 30S and 50S subunits. No peak of radioactivity in the 30S region was detected in the presence or absence of FIL. A small increase in the optical absorbance at 70 S was evident in the presence of FIL, indicating the formation of the 70S complex from ribosomal subunits. In the absence of the other components of initiation, FII had no effect on the sedimentation profile of the ribosomes (not shown). The appearance of fMet-tRNA in the 70S region was also dpendent upon poly(U,G), GTP, and FIII and was reduced approximately 2.5-fold by the omission of FL (Fig. 3) . The inethylene-bridged GTP analogue guanylyl(S,,y-methylene)diphosphonate (GMP-PCP) could not substitute for GTP (not shown).
In the absence of factors, fMet-tRNA, and GTP, [3H]-poly(U,G) bound appreciably to 30S particles present in total salt-washed ribosomes, and bound (to a considerably lesser degree) to both 50S and 70S particles as well. However, a marked increase in 70S [3H]poly(U,G) radioactivity was observed when the initiation factors, GTP, and unlabeled fMet-tRNA were added to the incubation mixture. The 70S regions obtained from several gradients in which various combinations of factors were employed are shown in Fig. 4 . The inclusion of [3H]poly(U,G) in a 70S peak was partially dependent upon FI, more markedly dependent upon FII, and almost completely dependent upon FIII. It was dependent as well on fMet-tRNA (Fig. 4 ) and on GTP (not shown). LeucyltRNA, or uncharged purified tRNAfMet could not substitute for fMet-tRNA nor could GMP-PCP substitute for GTP (not shown).
All three factors and GTP are therefore needed for maximum incorporation both of fMet-tRNA and poly(U,G) into the 70S chain initiation complex.
Ribosome dissociation activity of purified factors
It was of great interest to test our initiation factors for dissociating factor (DF) activity, particularly since both our FL and FLI preparations appear to be homogeneous. The amounts of factors used in this experiment (Fig. 5) were in the same ratio as in a typical fMet-tRNA binding reaction but at 5 times the concentration. Under these conditions, FII exhibited extensive ribosome-dissociation activity, whereas FL and FIII were virtually inactive.
Cochromatography of F1I and DF on CM-Sephadex Although FII appeared homogeneous on gel electrophoresis, we could not rule out the possibility that a trace contaminant was responsible for the observed DF activity. To provide further evidence of the identity of FII and DF, successive fractions from the CM-Sephadex column (the last purification step) were assayed for both activities (Fig. 6 ). FII and DF activities appeared in the same region of the chromatogram and the ratios of the two activities in the active fractions were identical, within the limits of the assays.
Cosedimentation of F11 and DF Additional evidence that the fMet-tRNA binding activity and DF activity of FII are mediated by the same protein was obtained by glycerol density gradient centrifugation. Both activities cosedimented (Fig. 7) , each active fraction again possessing the same ratio of the two activities. Polyacrylamide gel electrophoresis of FII. Purified FII (10 fg) was subjected to gel electrophoresis according to the methods described by Maizel (19) . The gels were stained with Coomassie Blue and destained electrophoretically. A, native gel (7.5%), migration toward the cathode at pH 4 rotor. Fractions of 0.2 ml were collected and their A260 was measured in microcuvettes. They were then transferred to scintillation vials, and their radioactivity was determined in Bray's scintillation fluid.
weight by SDS-gel electrophoresis. Therefore FII in its native state consists of a single polypeptide chain.
Other properties of FIT FIT is a heat-stable protein, with the fMet-tRNA binding activity being inactivated only some 20% after 5 min at 900C
in the absence of glycerol. It was sensitive to trypsin. The fMet-tRNA binding activity of FII was not affected by treatment with 10-i M N-ethylmaleimide or irreversibly affected by treatment with 10-3 M p-hydroxymercuribenzoate §.
The ribosome-dissociation activity of FIT showed similar resistance to heat and sulfhydryl reagents. In addition, DF activity was virtually abolished if GTP was omitted from the reaction mixture. GTP could be replaced, however, by the analogue GMP-PCP. Other nucleotides at 2 mM were less active than GTP as follows: ATP 80%, CTP 27%, and UTP 25%.
DISCUSSION
Evidence has been presented to show that purified FII (F3, factor B) is required for the formation of the initiation complex of fMet-tRNA, poly(U,G), and the 70S ribosomal particle. Earlier conjectures (5-7) that this factor specifically recognizes 'natural messengers' now seem unlikely since poly(U,G) is a random polymer containing only two nucleotides. The presence, therefore, of specific natural initiation sequences in this polymer would be highly fortuitous, and indeed the actual sequences found near initiation sites in R17 RNA contain both C and A residues (17 and one A260 unit of unlabeled fMet-tRNA were used. Centrifugation was carried out as described in the legend to Fig. 2 under the normal reaction conditions, and there is no change in their sedimentation profile on incubation with FII alone at concentrations that promote fMet-tRNA binding. Therefore FII apparently does not bring about fMet-tRNA binding merely by generating 30S particles nonspecifically. Indeed, FII is still required for fMet-tRNA binding even if purified salt-washed 30S and 50S ribosomal subunits (which are added together, but which remain dissociated) are used. It is possible that a special active class of 30S particles is required, and that these are derived in an FII-mediated reaction from the small fraction of ribosomes present as 70S particles, in amounts too small to affect the gross sedimentation profile of the ribosomes. Alternatively, FII may act in the reverse direction during initiation, promoting the proper type of ribosome association. The 50S particle might conceivably react with the initial 30S complex to yield a 70S complex that is stable in the presence of FII and unstable in its absence. This possibility is under investigation. Finally, it may be that the dissociation activity glycerol. 10 lug of dialyzed FII (0.1 ml) was applied to a gradient of 5-20% glycerol (5.3 ml) in the above buffer. Centrifugation was for 30 hr at 58,000 rpm at 50C in the SW65 rotor. Fractions of 0.2 ml were collected and were assayed for fMet-tRNA binding activity and for DF activity as described in Materials and Methods. Ovalbumin and cytochrome c were run in parallel tubes, and were detected by optical absorbance at 280 and 410 nm, respectively.
of FII is physiologically independent of the binding activity, although residing on the same protein.
Miall et al. (12) have reported a polypeptide molecular weight of approximately 9,000 for a purified dissociation factor, in contrast to our value of 21,000. The reason for this difference is not yet clear, but it is possible that more than one type of dissociation factor may exist in bacterial cells.
